The implementation of the expanded newborn screening panel of 29 disorders recommended by the American College of Medical Genetics in Puerto Rico and United States Virgin Islands is still in development or in early stages. Efforts in the territories are complicated by educational and resource barriers that generate a wide gap between the islands and the US mainland. Methods: To meet immediate educational needs, we conducted in-services for local newborn screening professionals. The efficacy of the educational intervention was measured by pre and posttest scores and a seminar evaluation. An assessment was obtained to document local newborn screening needs and barriers, with focus on human resources, intervention, language, social issues, education, and communication. Results: Statistical significance was found (P value Յ0.05) between pre and posttest scores of the educational intervention. Needs and barriers associated with expanded newborn screening were also documented. 
P
uerto Rico (PR) and the United States Virgin Islands (USVI; St. Thomas, St. John, Water Island, and St. Croix) are located approximately 1000 and 1100 miles off the coast of Miami, Florida (FL), respectively. 1 Although the USVI were acquired in 1917, after Denmark sold the islands to the United States (US), PRs acquisition occurred in 1898 as a result of the Spanish American War. 2 Although both PR and the USVI have a political status of unincorporated territory with control of internal affairs (unless US law is involved), unlike USVI, PR is a commonwealth with its own constitution.
At present, all US states and territories have laws addressing newborn screening (NBS) 3 but no uniform federal mandate exists. Thus, disorders screened, follow-up protocols, and services differ across states and territories. 4, 5 As a result, significant disparities occur. 4 Moreover, despite populations of 108,708 6 and 3.9 million, 7 respectively, both USVI and PR have a capitation on Medicaid funds, which is related to fiscal deficit and a relatively low socioeconomic status, further complicating the provision of NBS services.
According to the National Newborn Screening and Genetics Resource Center (http://genes-r-us.uthscsa.edu/), as of August 2008, 35 states universally offer or legally require screening for the core panel of 29 disorders recommended by the American College of Medical Genetics (ACMG). 5 This number will increase as more states come on board. Expanded NBS programs in USVI and PR are still under development or in early stages. Table 1 compares the screening programs in both territories.
PR began NBS in 1977 with screening for hemoglobinopathies. Since then, with an ever increasing yearly birthratecurrently at 60,000 -PRs Hereditary Disease Program has detected 252 cases of abnormal hemoglobins (excluding heterozygotes), 233 cases of congenital hypothyroidism (CHT), 59 cases of phenylketonuria (PKU), 4 cases of congenital adrenal hyperplasia, and 2 cases of galactosemia (unpublished data). These figures are a function of the program's historical evolution, as screening for PKU, congenital adrenal hyperplasia, and galactosemia began in the 1990s. The screening program of PR consists of a centralized location where testing and follow-up clinics occur. Heel stick samples are collected in regional hospitals by trained nurses. The director is a boardcertified hematologist, who has led the program since sickle cell screening implementation. All screening, follow-up, and confirmatory testing is performed in the local screening center. A nurse and one or two administrative staff are responsible for locating screen positive infants and coordinating follow-up testing. Turn around time from the moment that samples are received to the confirmation of results is usually 10 days. In addition to the director and other hematologists, an endocrinologist and a board-certified medical geneticist are available to provide follow-up care to infants with screen positive results for endocrine or metabolic disorders, respectively. Currently, 98% of newborns are screened in PR (unpublished data). A local laboratory with tandem mass (MS/MS) spectrometry equipment has been added to the screening center, as the program plans to implement the core panel of 29 disorders recommended by the ACMG. Centers for Disease Control proficiency testing for amino acids and acylcarnitines was passed at 100%. Pilot studies for expanded NBS testing of amino acids, acylcarnitines, and biotinidase deficiency (unpublished data) are under way. Efforts to implement cystic fibrosis screening have not officially begun. Hearing screening occurs and as of this date will continue to occur independently of the NBS screening program.
USVI began NBS in 1987. The infrastructure of the screening center in USVI consists of several Department of Health locations. The program is led by a registered public health nurse, who has support from administrative staff. Since then, and encompassing the time when this study was conducted, samples were sent to Wadsworth, NY for analysis. Local laboratories, where technologists collect heel stick specimens before an infant is discharged from hospital nursery and prepare these for send out to testing facility, are in the Roy Lester Schneider Hospital (St. Thomas) and the Juan Luis Hospital (St. Croix). Results were reported within 7 days to the NBS program director or the manager of computer operations/follow-up coordinator. With a yearly birthrate of 1200, USVIs Integrated Newborn Screening and Follow-up Program has detected 200 cases of abnormal hemoglobins (including heterozygotes) and seven cases of CHT. The program also screened for glucose 6-phosphate dehydrogenase deficiency, maple syrup urine disease, homocystinuria, galactosemia, and PKU, but no cases have been detected. Follow-up is initiated by the director, who reports the screen positive result to the nurse in charge of clinic in St. Croix, St. Thomas, or to a private physician. Nurses also become involved for follow-up. Care of affected infants is provided by local pediatricians; however, many families with affected infants migrate to PR or the mainland (unpublished data). Currently, 95-98% of newborns are screened in USVI (unpublished data). USVI expanded NBS was launched in October of 2007, several months after this study was conducted. Samples are sent to PerkinElmer Genetics (perkinelmergenetics. com) for the company's screening and confirmatory testing of more than 52 conditions (unpublished data). Turn around time is usually 1 week.
Implementing expanded NBS is a costly endeavor. Moreover, the addition of new disorders, most of them of metabolic etiology, implies an increased need for professionals who are knowledgeable, not only about medical genetics but also about the biochemical phenotypes and treatment of conditions included in the recommended core panel, nutritional management, and genetic counseling. 8 In addition, false positives are expected in NBS programs. 9, 10 Therefore, the psychosocial consequences of potential parent-child dysfunction and family anxiety that normally arise as a result of the required medical interventions or miscommunication between providers and parents 9 -11 in the setting of unexpected risk for genetic disease, warrant a careful examination of each region's overall readiness to expand NBS.
The present study was designed to evaluate the degree to which NBS personnel and affiliated health care providers in PR and USVI are knowledgeable about the benefits and limitations of MS/MS technology in NBS, as well as medical, genetic, and psychosocial issues that are relevant to expanded NBS. Second, the study aimed to assess needs and barriers that must be overcome for the successful implementation of expanded NBS in both territories.
MATERIALS AND METHODS

Program directors interview
For the development of the collaboration, interviews were conducted in person (USVI) and over the phone (PR) with NBS program directors. This survey allowed the directors to rate the aspects of collaboration most valuable to their territory in terms of educational programs, resource availability, participating personnel, core competencies needed in an expanded NBS program, technical assistance, and training.
Educational intervention
The information collected from the program director's interview guided the design of the educational intervention. This took the form of a 1-day workshop that used the metabolic team approach as the theme. The workshops took place during April and May of 2006 in USVI and PR, respectively. These on-site educational interventions with Continued Education Units were provided to health care providers and staff involved in local NBS services. The presenters were the members of the metabolic team of the University of Miami Center for Medical Genetics, consisting of an MD certified geneticist, a PhD biochemical geneticist experienced in MS/MS, a metabolic nutri- tionist, and a genetic counselor. In PR, presenters also included a metabolic nutritionist from Emory University. The objectives included learning about the territories' current NBS program; principles of screening; relevant metabolic pathways; practical knowledge and skills for intervention and management; standardized methods for use in initial acute and long-term intervention; follow-up diagnostic testing guidelines; specific medical foods and dietary interventions; genetic counseling skills; and financial, legal, and social issues associated with expanded screening. A didactic session was followed by small group discussions with case presentations which continued to illustrate and use the concept of a metabolic team approach to dealing with positive NBS results. These case presentations were made by the groups of participants with guidance from a presenter. A resource manual was created using the ACMG ACT sheets 12 and other sources, and was distributed among the small groups to assist participants during the case discussion. Presentations on MS/MS followed by a question and answer period ended the workshop in both territories. In PR, an additional session on MS/MS technology was included. The educational aspect of the workshop was assessed by 21 multiple choice questions distributed before (pre) and after (post) the educational intervention.
Completion of the tests was voluntary. Where possible, because Spanish is a dominant language in PR, the language needs in PR were accommodated. For example, the didactic session was presented in Spanish and the small groups were headed by a participant who was bilingual. The efficacy of the educational intervention was measured by a seminar evaluation consisting of a Likert (1-5) (1, poor; 5, excellent) scale evaluation of seven areas, including objectives, speakers, learning aids, topics' relevance to clinical needs, academic level, opportunity for questions, and overall quality.
Needs and barriers survey
A barriers assessment survey was designed using a Likert scale of 1-6 with a rating system (1, strongly disagree; 5, strongly agree; 6, no opinion) and an open-ended option for comments. The survey was conducted on the same day of the educational intervention and was distributed at the beginning of the seminar, along with the pretest (see above). Although the pretest was finished and returned before the intervention began, participants had the entire day to complete the needs survey, which was voluntary. The purpose of this assessment was to collect demographic information, assess current NBS attitudes and practices, and to identify needs and barriers regarding the implementation of expanded NBS. The survey specifically assessed the following NBS areas: NBS principles, sample collection, patient and information retrieval, human resources, sample management, confirmatory diagnosis, laboratory issues, intervention, follow-up procedures, infrastructure, administration and management, language, social, and educational issues.
Statistical analyses
Analysis only accounted for tests with matched identification numbers. The pre and posttests were analyzed by paired Student's t test, reported as mean Ϯ SD and a P value of Յ0.05 was taken as statistically significant. Descriptive statistics such as frequencies were used to describe the data from the barriers assessment survey. The data were analyzed using statistical software STATA version 9.
All educational materials, assessments, and survey tools were designed by the project team. Institutional review board approval was obtained before the interventions.
RESULTS
Program directors interview
The participants of the educational intervention were identified by program directors as those most involved in the current programs, including personnel involved in sample collection, patient retrieval, and program administration. These assessments also revealed different main topics of interest in both regions. Although PR was more interested in learning about MS/MS technology and assistance, USVI was interested in education of clinicians in genetics and treatment of NBS disorders. PR anticipated an audience consisting mainly of nurses and laboratory technologists, whereas USVI anticipated an audience consisting of nurses and primary care doctors. The information collected from these preliminary interviews was taken into consideration in the design of the educational activities.
Educational intervention
A diverse group of physicians, nurses, laboratory technologists, and NBS staff (N ϭ 60; 50 expected from USVI; N ϭ 99; 115 expected from PR) attended. Fifty percent (n ϭ 50) and 73% (n ϭ 44) completed both pre and posttests in PR and USVI, respectively. A paired t test revealed statistical significance (P value Յ0.05) between pre and posttest scores (Fig. 1) .
The evaluations of the educational interventions in both PR and USVI revealed high satisfaction (average 4 of 5 on a Likert scale) and need for similar events. Open-ended questions requiring general comments uncovered two different recurrent themes in PR and USVI. In PR, more than half of participants would have preferred education and materials in Spanish. A recurrent theme in the evaluations from USVI was that many found website links provided in the NBS resource manual helpful. 
Needs and barriers survey
Survey participant characteristics
Completed responses were received from 62 participants from PR (63%) and 58 from USVI (97%). As shown in Table  2 , most survey respondents were female (95% PR; 86% USVI) with a nursing professional background (64% PR; 57% USVI). Most respondents (48%) from PR had 16 or more of years of experience with NBS cases, whereas 53% of USVI respondents had 6 or more years of experience with NBS cases. The respondents were largely affiliated with hospitals or a government agency ( Table 2) . Results of selected areas of the needs and barriers survey are presented below.
Attitudes toward NBS
In both PR and USVI, 90% agree that NBS is useful for public health planning. Similarly, 84% and 86% of respondents from PR and USVI, respectively, believe that all babies in all jurisdictions should be screened for the 29 disorders recommended by the ACMG. Conversely, 10% and 7% of respondents from PR and USVI, respectively, disagree that NBS is helpful for public health planning. The only comment made as to these statements, from a St. Thomas participant, provides clues about the existing barriers: "Private practice providers general ͓sic͔ refer to ͓the Maternal and Child Health͔ Program. To date, there is no indication for expanded screening in ͓Virgin Islands͔. Cost versus benefits will have to be carefully evaluated. Follow-up services are not available locally (on-island). This is a major inhibitor of expanded screening." Regarding testing for the recommended core panel of 29 disorders, 10% of respondents and 14% of respondents from PR and USVI, disagree that such screening should be universal (Table 3) .
Human resources and management
Data on human resources and management show that approximately 60% in PR and USVI think that there is not an appropriate number of trained genetics professionals. For both PR and USVI, cost of living was perceived as a deterrent for attracting clinicians to practice in their regions. However, the territories ranked other potential factors, such as culture and geography, in a different order, reflecting the greater language and cultural contrast between the US mainland and PR. In addition, data from the USVI reveals that 85% of respondents think that their NBS program does not have appropriate evaluation, performance monitoring, and quality assurance activities (data not shown).
Medical intervention
When asked about medical intervention issues, 15% and 26% in PR and USVI, respectively, indicated that they did not have access to information on the relevant metabolic pathway in their management of patients with an inborn error of metabolism. A similar percentage of respondents agreed with the statement "I have available resources for information on specific formulas and dietary interventions for the disorders tested for in our NBS program." In addition, among respondents from USVI, 24% did not feel comfortable identifying a baby that is showing symptoms of a metabolic disorder (Table 4) .
Language barriers
As the data from Table 5 show, both PR and USVI face language barriers in NBS management and care. In both PR and USVI, similar numbers were obtained when presented with the statements, "Language differences are an issue when finding information, gathering clinical information and patient education materials about NBS" and "Language differences are an issue when reading the information on the sample collection card." Differences were observed in answers to the statement "Language differences are an issue when establishing communication with other NBS programs," with 59% and 39% agreeing to the statement in PR and USVI, respectively.
Access to health care, finances, and insurance issues
Finally, participants who expressed an opinion (51% in PR and 83% in USVI) agree that financial status and insurance issues interfere with the success of the NBS program in their region (data not shown).
DISCUSSION
The results obtained from this study indicate that the implemented educational intervention is an appropriate short-term model for expanded NBS education. In addition, because the educational programs were designed based on assessments directed to NBS program directors, the seminars may not have necessarily targeted the educational needs of all NBS professionals in both territories. Despite this, the level of satisfaction of the respondents was high and their comments support the efficacy of this intervention. As expressed by a PR participant: "Offer more training 2-3 times per year to retrain . . . doctors and nurses on the management of the cases in the presentation." Future research should be directed toward identifying specific content areas, previous training, and self-assessment of knowledge of all local NBS professionals, as well determining the impact on NBS providers' practice. Because the educational tools were used for the first time in the present study, repeated testing is necessary for validation and use in these and similar populations.
Although disparities in use of MS/MS and barriers for the implementation of expanded NBS have been documented (including USVI data), 13 this study highlights findings that are unique to USVI and, for the first time, to our knowledge, documents similar barriers in PR. These barriers cover human resources, intervention, language, and financial issues in NBS. Several areas of attention are offered for discussion.
One of the most significant barriers uncovered by this study is the perceived need for qualified NBS providers. Cultural factors were ranked high as impediments to attract genetics professionals. As a respondent from USVI stated: "Availability ͓of NBS services͔ is affected by number of trained geneticists . . . you have to love Island Life to be here. What's needed is good contact numbers and availability of back up."
The current number of trained biochemical genetics and counseling professionals is not adequate in PR or USVI. PR has one American Board of Medical Genetics (ABMG)-certified medical geneticist and no certified genetic counselors or trained metabolic nutritionists. Similarly, no certified medical geneticists, genetic counselors, or metabolic nutritionists are available in USVI. In these regions, the care of patients with metabolic disorders is provided by pediatricians and other health care professionals who have obtained some level of training and/or experience with these disorders.
Another human resources and management barrier is illustrated by our result that 85% of respondents reported that their NBS program does not have appropriate evaluation, performance monitoring, and quality assurance activities. In follow-up interviews with the Program Directors, evaluation, monitoring, and quality assurance activities are in place in both PR and USVI. However, it seems as if these plans are usually not part of the information provided to all parties. This might possibly reflect a lack of education or communication about what is done in their NBS program.
Generating an appropriately trained workforce should be a priority. We offer possible short-term and long-term solutions. Short-term goals include outreach clinics using mainland professionals. In this setting, outreach services, in person or by teleconference, by request of the regions would be offered. Similar outreach programs have been successful in NBS educational programs offered in developing countries. 14 In addition to outreach programs, a territory-based geneticist employed by a US facility would serve as a liason between the islands and mainland providers. This approach has been successfully implemented in USVI, where the services of a pediatric neurologist, an uncommon specialty in this region, are funded by the Health Resources and Services Administration. Long-term goals include creating training centers, preferably in the US South East area, that provide cyclical courses, similar to Mayo Clinic's MS/MS training program. Working in collabo- To address the issue of apparent lack of appropriate evaluation, performance monitoring, and quality assurance activities, professionals involved in NBS should be encouraged to understand the purpose and direction of their programs. Communication within the program and with key players (such as nurses collecting samples in the hospital) can be fostered by means of newsletters, websites, teleconference, or ongoing local educational interventions. This will in turn create the basis for longterm interventions, which should be customized to fit the specific needs of each region.
Our study also revealed barriers associated with medical intervention. Improvement in this area will go hand in hand with an increased number of appropriately trained professionals and stakeholders. Access to health care, a common problem on the mainland, is complicated by Medicaid capitation in the territories. For example, in PR, most patients have access to care through government-based health programs, which do not cover treatment such as medical foods. A minority has other types of insurance, which may provide access to better care. In USVI, most patients do not have insurance. Although USVI has not detected metabolic cases yet, these cases are expected to occur more often as a result of expanded NBS. In these cases, the Women, Infants and Children program will probably be used to provide special formula until 5 years of age. From discussions with NBS directors, many families try to access better care by migrating to the mainland and using available resources such as uncapped Medicaid. Given these findings, it would be reasonable to propose legislation to release additional Medicaid funding for NBS purposes in the US territories.
This study has a number of limitations. First, the barriers documented in this study represent only the perceptions of participants. Therefore, other barriers not identified by this study may be present.
Second, in PR there were 99 attendees; 50 completed both pre and posttests and 62 completed needs and barriers survey. In USVI, there were 60 attendees, but 44 completed both pre and posttesting and 58 filled out the needs and barriers survey. These differences may be explained by several factors. Both the pretest and the needs and barriers survey were distributed at the beginning of the seminar. Although the pretest was finished and returned before the intervention began, participants had the entire day to finish the needs survey, which was lengthy. The posttest was distributed at the end of the seminar. Given its voluntary nature and the different timing at which different materials were completed, it would be expected that not every attendee returned the materials. To encourage attendance at the workshop, both regions offered Continuing Education Units credits. Therefore, offering continued education credits may have encouraged many people to attend but not fully participate. Therefore, our results could be biased from a higher completion rate in USVI. In our experience, participants from PR needed more assistance, mostly in the form of translation to Spanish, to complete their materials. It would be reasonable to speculate that although the attendance rate in PR was higher than that in USVI, the response rate was lower given the language barrier. We would expect a higher completion rate in future educational interventions conducted in PR if Spanish is used as the primary language. Although nonresponder bias is a limitation of survey studies such as this, we think that a wide enough audience completed the program completely. Furthermore, the number of nonrespondents in PR may also support that language is a barrier.
Third, the primary language of the educational intervention and needs and barriers assessment was English. The assumption for PR was that both English and Spanish are considered official languages in PR 7 and all postsecondary health care education and national certification is delivered in English. Despite accommodations made in PR (see "Methods"), language issues remained a recurrent theme across all PR-related interactions and interventions. This may have been a disadvantage, as stated by many PR participants in the evaluation: "The education was excellent; the problem I see is that it should all be in Spanish to get the most benefit." Thus, we conclude that the language barrier in PR is a limitation of this study, which may potentially decrease the validity of results obtained from this region. We speculate that language barriers may compound financial and human resources issues, potentially causing PRs NBS personnel to remain isolated from full integration in mainland-based regional genetics collaborations that include PR and USVI.
Ideally, professional education and social responsibility toward confirmatory diagnosis, treatment, and follow-up must be addressed before the implementation of expanded NBS in PR and USVI. This is of special concern in USVI, where, after this study, expanded NBS has been launched, at a time where none of the reported barriers have been overcome. For instance, shortage of medical professionals trained in biochemical genetics may have a negative impact on the successful implementation of NBS programs in the territories. The territories' perceived lack of experience with NBS deserves careful attention, as this barrier has been documented to be a factor contributing to missed cases of PKU and CHT in other regions. 11 Implementing solutions to training needs and other documented needs and barriers in this study involve the provision of more funding. Given the historical, political, and infrastructural differences among the Islands (for example, PRs program being centralized, whereas USVI sends out samples), individually designed strategic plans are necessary. The NBS Saves Lives Bill should facilitate awarding grants for PR and USVI to provide screening, counseling, and health care services, as well as education and training in NBS and metabolic disorders to health care professionals and NBS laboratory personnel. Given the lack of resources to successfully compete for this funding, both program directors have asked for commitment in continued collaboration between the Florida team and the Islands to procure this kind of funding.
In summary, the prevailing attitude toward implementation of and education about expanded NBS in PR and USVI is positive, despite the lack of resources, both real and perceived. This positive attitude suggests that any carefully and strategically designed NBS implementation plan will be embraced once all the underlying resources are made available.
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